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SUMMARY

The drag coefficient of parabolic bodies of revolu-
tion with fineness ratios greater than 1 operating at
zero angle of yaw and zero cavitation number is
determined  both theoretically and experimentally.
The theoretical analysis is an approzimate one which
utilizes the theoretical pressure distribution on the
positive pressure region of thin elliptical bodies of
revolution.  Results of an experimental investigation
on two paraboloids haring fineness ratios of 1.00 and
3.83 are also presented.  Zero cavitation number was
approrimated in the erperiments by ventilating the
base of the bodies to the atmosphere while operating
at speeds up to 190 fps.  The experimental drag
cocflicients are shown to be in excellent agreement
with the theory.  The theoretical form-drag coefficient
of paraboloids operating at zero cavitation number
i found to be about one-half the form-drag coefficient
of cones having the same fineness ratio.

INTRODUCTION

When a body is moved through a liquid at very
high speeds, low-pressure regions of the liquid may
reach the vapor pressure and boil or ecavitate.
The influenee of this eavitation on the body is to
merease the form drag above that for the non-
-avitating body and to cause damage to the walls
of the body if the condition is such that the cavi-
ties collapse on the wall. At a given depth of
submersion the only way of preventing eavitation
from oceurring is to make the body fine enough
so that the minimum pressure in the flow field
does not reach the vapor pressure at the design
speed. However, if the design speed is very high
(200 to 300 knots) and the ambient pressure is

low (shallow depth of submersion) the body fine-
ness ratio may become impractically large. Thus,
if cavitation cannot be feasibly avoided at high
speeds the shape of the body should at least be
designed to operate without surface damage and
with as low a drag as possible.

A high-speed body free from cavitation damage
at zero angle of yaw may be accomplished by
confining the negative pressure regions to the
wake of a blunt buase and contouring the surface
forward of the base so as to produce only positive
pressure coefficients.  The result at high speeds
will be a fully wetted body forward surface fol-
lowed by a very long vapor-filled cavity emanating
from the end of the body. 1If the speed is suffi-
ciently high, the end of this cavity will be far
removed from the base of the body and no damage
to the body surface will occur.

Body shapes which would produce this super-
cavitating type of operation at zero angle of yvaw
are cones and paraboloids with blunt bases. The
form-drag coeflicient of cones operating with base
cavities has been known for several years.  How-
ever, the drag coeficient of paraboloids operating
with base cavities has not heen heretofore deter-
mined except for the trivial case of infinite fineness
o, Sinee parabolie struts are known to have
less drag than wedge-shaped struts, paraboloids
are expected to have less drag than cones.

The purpose of the present investigation is to
determine both theoretically and experimentally
the magnitude of the form-drag coeflicient of
paraboloids of finite fineness ratios operating at
zero angle of yaw with a base cavity whose pressure
coefficient or cavitation number is zero.



SYMBOLS
a semi-major axis of ellipse
b semi-minor axis of ellipse
Cp form-drag coefficient at arbitrary cavi-

tation number, 1

5 o172
Coo form-drag coefficient at zero cuvitation
number, T =
5 plnzzl
o, pressure cocfficient, Iijpﬁ
5Pt
Cyomin minimum pressure coeflicient, ]—)'—';'"——])—9’1
gpV”
form drag at arbitrary cavitation
number, 1b
D, form drag at zero cavitation number,
b
d base diameter of model
f fineness ratio, {/d=r,/2y,
l length of model
P loeal pressure, Th/sq ft
Po pressure in the undisturbed flow, Ib/sq ft
Pe cavity pressure, Ih/sq ft
Puin minimum pressure, Ihfsq ft
n axis ratio of ellipse, afb
A base aren, sq ft
1 speeds, fps
x, Cartesian coordinates, origin at body
nose
oo Cartesian coordinates of location of

zero pressure coefficient
g
¥ =YY

P mass density of water, Ib-sec?/ft
o Vo™
c cavitation number, Ll s
o T2
1
THEORY
BACKGROUND

At sufficiently high speeds the amount of cavi-
tation occurring on a body may be so great that
the rearward portion of the body becomes com-
pletely unwetted and enclosed in a long trailing
cavity as shown in figure 1(a). It is well known
that the most significant dimensionless parameter
which defines this supercavitating flow is the
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cavitstion number.  The cavitation number,
denoted as o, is the negative of the pressure

cocfli-ient in the unwetted region; that 18,

Pe Pe
o=

|

9 pV7?

where p,, is the pressure in the undisturbed flow,
pe is the pressure within the eavity, p is the fluid
density, and Vis the speed of the body.

The length of the eavity formed behind the
wetted portion of the body ncreases as the cavi-
tation number is decrensed and approaches in-
finite length at zero cavitation number.  The
unwetted portion of a supercavitating body has no
offect on the flow and may be removed, leaving a
blunt-based nosepiece or forebody followed by a
long eavity, as shown in figure 1(h).  The equa-
tion defining the cavitation number shows that
very low values of the cavitation number may re-
sult either when the speed is extremely high or
whet the envity pressure pe approaches the
ambicnt pressure p., or when both conditions
oceur. For example, a blunt-based rocket-pow-
ered torpedo may operate at very shallow depths
in a condition approaching zero cavitation number
heer use of its high speed and because the cavity
pressure is inereased by rocket gases.

It reference 1 it is pointed out that the two-
din nsional thin strut section which has near
minnnum drag at zero cavitation number for a
given ratio of base thickness to chord is parabolice
in s1ape.  This conclusion is based on the knowl-
edge that the asymptotic shape of the cavity
formed behind any two-dimensional obstacle at
zerc  cavitation number is parabolic.  Conse-
quetly, a thin strut constructed to fit the asymp-
toti: shape would be expected to have low drag
beciuse over a large percentage of its chord the
pressure coefficient would be zero and contribute
no drag. The drag coefficient of a two-dimen-
sior al parabolic strut is determined by linearized
methods in reference 1.

I, is shown in reference 2 that the asymptotie
shape of the cavity formed behind an axisym-
metric body operating at zero cavitation number
is given by the equation

('VLl/Z

Y= (log.n)"* W
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(b}

(1) Finite cavitation number (V) finite; py > p,).
(b)Y Zero eavitation number (V=w or p_=p.).

Firavre 1.

where (7 is a constant.  This equation cannot be
used to deseribe completely a low-drag body shape
because of the peculiar behavior of the funetion
near r=1. However, for any practical fineness
ratio a parabola may be found which is an excellent
approximation to equation (1) for +>2, and the
parabola provides a practical nose region. Con-
sequently, of all possible thin axisymmetrie
shapes operating at zero eavitation number, a
parabolic body of revolution would be expected to
possess a near-minimum drag.  The magnitude
of the drag coeflicient of such bodies is needed for
design purposes.

The solution for the pressure distribution on a
parabolic half-body (body with infinite length)
may be found in practically all hydrodynamie
textbooks; however, except for the trivial case of
the paraboloid of infinite fineness ratio operating
at zero cavitation number, the half-body solution
is not useful.

An analysis leading to an approximate solution
for the drag coefficient of paraboloids of finite
fineness ratios operating at zero angle of vaw and
zero cavitation number is presented in the follow-
ing section along with a similar analysis for the
two-dimensional case.

ANALYSIS

Parabolic bodies of revolution.—The method
presented for determining theoretically the drag
coefficient of parabolic bodies of revolution with
finite fineness ratios operating at zero cavitation
number is an approximate one. The method

-Definition sketch.

utilizes the result obtained in reference 3 that the
cavity shape behind an axisymmetric body at
finite cavitation number is very nearly elliptical
and the result obtained for conical bodies in ref-
erence 4 that for relatively thin cones the drag
coeflicient for small eavitation numbers is approx-
imately (5,4 o, where (', is the drag coeflicient
at zero cavitation number. The result from ref-
erence 4 may be interpreted to mean that the
pressure distribution on relatively thin bodies of
revolution (exclusive of the base) is not signifi-
cantly affected by changes in eavitation number.
Therefore, the drag coefficient for thin bodies is
increased by aninerease in eavitation number only
because of the change in pressure coefficient over
the base. This statement is not true for thick
bodies, beeause for thick bodies the drag coefficient
at small cavitation numbers is known to be
Cpo(140a). (Seeref. 4.)

The theoretical pressure distributions on ellip-
tical bodies of revolution having axis ratios of 10
and 20 are shown in figures 2(a) and 2(b), respec-
tively. The distributions shown in figure 2 are
computed from the theory given in references 5
and 6. The region of the ellipsoids forward of the
point where the pressure coefficient is zero is
shaded in these figures. Tt may be noted that
downstream of the zero point the pressure coeffi-
cient is negative by a small and almost uniform
amount. Thus, the pressure distribution shown is
a fair approximation to the pressure distribution
which would occur if the shaded nosepiece were
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L i,

_-Positive pressure region

,-Positive pressure region

x/a
(a) R=10.
(h) R=20.

Frourgk 2.--Theoretical pressure distribution on ellipses.
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operating at a small but finite cavitation number
about equal to — (", ... Therefore, the pressure
distribution forward of the zero point is essentially
the sume as that which would occur at zero eavita-
tion number.

If the pressure distribution forward of the zero
point is Integrated over the shaded region to
obtain the drag, this drag is appr oximately equal
to the drag of the nosepicee operating at zero
cavitation number.  Furthermore, if the length of
the nosoplo( e is relatively small compared with the
semi-major axis of the ellipse, the nosepiece muy
be considered to be a close approximation to a
paraboloid. Tt may be shown that as the fineness

atio of the parent ellipse approaches infinity the
nosepiece becomes exactly a paraboloid which is
also of infinite fineness ratio. Therefore, the
approximate solution obtained by the method
deseribed becomes inercasingly accurate for finer
paraboloids and in the limit approaches the exact
solution.

The flow field about an elliptical body of revolu-
tion in a uniform stream may be found in prac-
tically any  textbook on  hydrodynamics: for
example, sce reference 5 for the solution in elliptic
coordinates.  In Cartesian coordinates (with the
origin at the body nose) the pressure coefficient. for
an elliptical body of revolution at zero angle of
yaw may be determined as (see ref. 6)

(WY
(;~1——A?,\Sb> . @)
1+(Z) (R2+1)

, ()

A= i R4\ R2—1
() " s B

I axis ratio of the ellipse a/b
a  semi-tiajor axis of the ellipse
b semi-minor axis of the ellipse
The value of K varies from 1.5 to 1.0 as £ varies
from 1 to o

Let the value of y at the point where (',=0 bhe
denoted as y,. Then, if €7, is set equal to zero
and ¥ is replaced by y, in equation (2), the value
of w,/b may be determined as

where

Yo__ 1 .
bR e )

Equation (2) may be rewritten as

, K””(,,n) ()

( p=1— (4)

(7/0) l)z_Ll)
’/u

The drag on the nosepicce may then be determined

as
K“m ( w)
?/”, .

2 v
(Yl),o:;_;;r._’,J ’ 1 I I/ — —
do JO “ >0
() ()

vy (5)

0 .
If y'=yly,, and thus (l_u’:(’/'/; equation (5) may

[z

be written as follows

*1
Y —
( D,o— QJ
0

After integration, equation (6) hecomes
tel kl g

Ry’ ( Ub">

l— - [

y'dy'(6)
(Y are)

KRR
I) 0= =1 + -

)2+ ] ( l/,,) 08

) 0 [
[Hf(n’“rl) U)]"']}z]: ()

Equation (7) gives the drag coeflicient of the
positive-pressure portion of an ellipse in terms of
the axis ratio of the ellipse.  The fineness ratio f,
which is defined as the ratio of the length to the
base diameter of the positive-pressure nosepiece,
may be written as

Lo,

fmtmgle (8)

Cod 2y,
or in terms of y,/b from equation (3), equation (8)
may be written as

§ |:1 - \/”1 — (?[/))z:|l 2 |
J=—t iyl ]
z(fb)

Equations (7) and (9) are a set of parametric
equations in £ for the drag coefficient of the
positive-pressure nose region of a family of ellipses,
and these nosepicees are equivalent to parabolie
bodies of revolution.  Results of computations
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made by using equations (7) and (9) are presented
in figure 3 as a plot of (', aguinst the reciprocal
of the fineness ratio of the paraboloids, 1/f or djl.
The computations reveal that for values of f
egreater than 1 the axis ratio of the parent ellipse is
about 8 or greater. The most practical paraboloids
will have fineness ratios of 5 or greater where /2 18
50 or greater. Since [V is so large for these finer
hodies an explicit relationship between Cp and f
may be obtuined by utilizing this fact that 2>>>>1,
If this approximation is made,
cquations for thin bodies result:

the following

—(y")?
O W)

Combining equatious (11) and (12) results in
. 1 .
Kr—1=7, 5, (13)

Substituting equation (13) into equation (10) gives

1=
lp—_l(if2(y’)2+l (14)
Integrating equation (14) over the surface area
rives the drag coefficient as

: =)
o2 [ oy
f o5 P

Ty (10) ! < 1 ~
LA, S = 1—{*‘—*7—, 10"‘ 1 16/2)—1 15
r—iT! 16/ royz) 18T ) (15)
yoNt 1 () As f goes to infinity, equation (15) becomes the
b)) TRAKE-1) exac: solution for a paraboloid of infinite fineness
ratio operating at zero cavitation number. This
nYe is true because us f goes to infinity the noseplece
fzb (12) becomes exactly parabolic and the pressure coel-
4 ficient. downstream  becomes exactly unilormly
24
20 -
Equation (16}
A6t o Experiment
Coo Equation (15} -
A2
08}
" Equations (7) and
04
| I ‘ .
) 7 8 9 10

Fravre 3.—— Comparison of equations (7) and (9), (15), and (16) with experimental data.
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zero. A= f tends to infinity the drag coeflicient
givenin equation (15) may be approximated by the
following simpler equation:

('1),1;2'161[2]();1} 1612 (f—o) (16)
Equation (16) is also the result which is obtained
if the theoretical pressure distribution on a para-
bolic half-body is integrated over various lengths
of the body.  Equations (15) and (16) are plotted
in figure 3 for comparison with equations (7) and
(9). Tt may be seen that equation (15) is a very
good approximation to the result given by equa-
tions (7) and (9) for values of 1 'f less than 0.5,
On the other hand, equation (16) is consider ably
higher than the othm two results exeept at very
small values of 1/7.

Two-dimensional parabolic struts.—It is iner-
esting to note that when the previous analytical
method is dppll(‘(l to thin two-dimensional ellipses,
equation (14) is also the result obtained for the
pressure distribution on parabolie struts operating
at zero cavitation number. The similarity in
pressure distributions on two- and threo-dimen-
sional elliptical bodies in terms of appropriate
avitation numbers in reference 4.
Actually, the pressure distributions on two- and
three-dimensional parabolic bodies are identical
at zero cavitation number only for the case of
infinite fineness ratio. The fact that cquation(14)
1s the approximate result for both two- and three-
dimensional parabolic bodies reveals that the anal-
ogy pointed outinrelerence 4isclosely approxinmated
for more uselul fineness ratios.  The intvgl'zlli(m
ol equation (14) over the frontal area of a two-
dimensional parabola gives the form- (h ng cocfli-
cient at zero cavitation number as

15 discussed

1 167241

6L 4f

Cp,o=

(t.m“4f)—1] (17)

For thin struts (that is, as f becomes very much
greater than unity), equation (17) reduces to the
result given in reference 1:

A

Do 8f

EXPERIMENT
MODELS

The models used in the experimental investiga-

REVOLUTION AT ZERO CAVITATION NUMBER 7

tion are shown in figure 4. The models are para-
=

. . . { |r
boloids generated by revolving the line ]/:% \/%

about the X-axis.  The model shown on the left
is 4.5 inches long and has a diameter-length ratio
dit of 1.0. The indented structure at the base of
the model on the left was necessary to house the
instrumentation, but this structure lies within the
avity during operation and has no influence on
the forebody.  The model on the right is 18.5
inches long with a base diameter of 5.5 inches,
resulting in a diameter-length ratio 74 of 0.3.
APPARATUS AND PROCEDURE

Facility. —The models were investigated in the
Langley high-speed hydrodynamies facility,  The
tank and high-speed carriage are deseribed in detail
in references 7 and 8. The carringe is capable of
speeds up to 250 fps.

Model support and instrumentation.—The
models were supported on a sting with a strain-
gage bulance housed inside the model as shown in
figure 5. The models were made w atertight by
cotinecting the base of the model to the sting with
wwatertight bellows.  The balance, which meas-
ured only drag for these zero-vaw tests, was located
within the models rather than above water in
order to climinate the supporting-strut dr; ne fares,
Also located within the models were strain- -gage
pressure cells connected to pressure orifices along
the surface of the model and one on the base so as
to be within the eavity.  The loeations of the sur-
face pressure orifices are given in figure 5. The
electrical output leads from the pressure cells and
balance were passed out of the model through a
hole along the longitudinal axis of the sting.

The sting was supported by means of the tri-
strut arraugement shown in figures 6 and 7. The
tri-strut structure was connected to the support
cvlinder of the towing-carriage hoom; as may be
seen in figure 7

Ventilation system.—The ventilation probe and
ventilation tube shown in figure 6 were used to
achieve ventilation of the base cavity formed be-
hind the model. The upper end of the ventilation
tube was connected to a 75-pst compressed-air
tank on the carriage. With the air supply on,
almost complete ventilation was achieved. T Ius
forced air apparently enlarged both the « cavity
formed at the base of the model and the cav ity
formed aft of the ventilation tube, with the result
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Ficuere 4. -The models.
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Distance from
nose, in

| 0.080

2 1.651

3 16.533

4 18.500

Orifice

Balance

-Bellows

Stin \
’\/\/\J ) g J

2.00in.

+————860iIn— ——»
-— 18.5in. — —_— -
a/l=0.30
.-Bellows cover
- . lh.__,’
|
4.50in.
\ \
I
Y W
- 4.10in.——
Orifice Drstance fromi
_ nose, in.
450 —» | 0.142
2 437
3 1.176
- - — |2.88 in.- - SR 4q 4.50
art=1.0

Frovre 50 Details of model connection to sting.

Pressure orifice locations are given in distance along longitudinal

axis of the model.

that the two cavities connected and the tube cay-
ity extended rearward to the probe. The probe
then opened the entire cavity svstem to the atimos-
phere. Without the forced air only partial venti-
Lution was achieved.

Photographs and recording equipment.—Photo-
graphs were taken of the model and cavity at
seleeted stations along the tank. Carrtage speed
was determined at cach of these photographic sta-
tions by electronically measuring the time for the
model to pass a distance of 10 feet. The balance
and pressure-cell outputs were recorded on oscillo-
graphs inside the carriage. A magnetic device was
employed to indicate on the balance record when
the carriage passed a photographic station and
thus to provide synehronization hetween the meas-
urenients of speed, force, and pressure and the
photographs.

Test conditions.—The models were Investigated
At this depth
it was estimated that free-surface and boundary

at a constant depth of 14 inches.

effects on the measured drag of the nodels would
be negligible. The speed range utilized in the in-
vestigation was from 130 to 190 fps. The density
of the tank water used in computing the force co-
efficients was 1.94 1b-seez/ft*.  The kinematic vis-
cosity during the investigation was 1.42°7 1075
f12/sec.
ACCURACY

The accuracy of the quantities measured is

estimated to be within the following limits:

Drag. Ib el . I +5
Speed, fps o0 . =0.15
Pressure, Ihisq ft . . . R +20
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Ficure 6.—Model support and ve tilation system.
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,- Arresting-gear receiver *

Instrument housing . 1

Sunshade for ¢ Towing=staff support

underwater camera, /

11
,t
I

L-59-6792.1

Fiaure 7.-—The high-speed earringe with model attached.
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PESULTS AND DISCUSSION
FLOW CHARACTERISTICS

Figures 8(a) and 8(b) are typical photographs
taken of the models when they were operating
with ventilated base eavities.  The cavitation
number for this ventilated type of operation was
about 0.01 for all observations of both models,

Although the tri-strut support extended into
the upper portion of the long cavities formed at
the base of the models; it is believed that this

FicUure 8.

Photographs of modets with ventilsted base eavities.

strut ir terference had negligible influence on the
observed drag of the bodies.

DRAG

The skin-friction drag was caleulated and re-
moved from the total measured drag in order to
obtain the net form drag.  In reference 9 it is
shown that the skin friction on bodies of revolu-
tion with fairly uniform pressure distribution may
be adequately caleulated by using  {flat-plate
boundary-layer theory. Thus, the skin friction

L-60-4333

o =0.01.



DRAG COEFFICIENT OF PARABOLIC

was caleulated by assuming turbulent flow over
the entire wetted surface and using the turbulent
skin-friction coefficient given for a flat plate in
reference 10. The resulting values are approxi-
mately the same as those caleulated for mixed
flow on the assumption that transition occurs at
a Revnolds number of 3X10%  The ealeulated
skin friction for the range of wvariables in the
present investigation amounted to about 4 per-
cent of the total measured drag for the model
with /=1 and about 40 percent for the model
with f=3.33.

The form drag obtained is plotted against speed
for cach model in figure 9. The cavitation num-
ber o, based on the measured cavity pressure, is
also indicated for each point. Tt muy be noted
that the measured cavitation numbers are indeed
very nearly zero but not exactly zero.

From the data presented in figure 9, the form-
drag coefficient ¢ ',):;pl""S was computed for each
point. Since these data were not measured at ex-
actly zero cavitation number, the measured value
of (', must be corrected for the base eavitation
number in order to obtain the fornt drag coeflicient

BODIES OF REVOLUTION

AT ZERO CAVITATION NUMBER 13
al zero eavitation number.  This correction was
made by assuming that €', ,—=(",— 0, as discussed
in the section on theory. The values of €' , ob-
tained in this manner are plotted against speed in
figure 10. It can be seen that the value of (7, , is
mdependent of speed.

It is recognized that the model with f=1 is not
sufficiently thin for the equation (,=¢", ,+4 to
be a good approximation.  For small cavitation
numbers, reference 4 gives the drag coeflicient of
a cone with 5, ubout equal to 0.13 as (,=(",, ,
+0.87¢. On the assumption that cones and
paraboloids are comparable the of
('y., alone, a better value of (7, for the parabo-
loid with /=1 may be (', ,=(,—0.87¢. If such

a relationship is more nearly correct than (7, ,

on busis

=("p—a, the data shown in figure 10 for the model
with f=1 are about 1 pereent too low.

The €', values of 0.025 for f=3.33 and 0.125
for f=1.0 arc compared with theory in figure 3.
It may be seen that the agreement between the
experimental values and  the results given by
equations (7) and (9) is excellent.

In figure 11 the results given by equations (7)

600 - T ( - -
o = 0,01l
o = 0.012 —] =10
/
400 ]
o = 0006 O
| /0/// o = 0013
Lol | I |
o T
5 o =00086
_s  C— P — -
1S
S
[ - D
200} e
' J o = 0.010
o =00I3 o ”:,OQL—’—O"T/ F =333
o i — o = 000
| s = 0012
N L
130 140 150 160 170 180
Speed, /ps

Fravre 9. —Model form drag,
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O Experiment

i

Ol30

I | I
140 150 160 170

Speed, fps

Fiaere 10, -Variation of drag cocflicient at zero eavitation number with speed for parabolie bodies.
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24 -
4
///
20 - 4
\
- -1 - -
A6 -
Coa “‘Reference 4
iz} —
08 - s
J
04 - " “~-Equations (7) and {9) Y
- 1 -
1 | | - S o
o] .2 4 6 8 10

Ficure [1.—Comparison of theoretical

L
art o <

form-drag cocflicients of cones and parabolas at zero eavitation number.
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and (9) (and the experimental data) are compared
with the theoretical results for cones obtained
from reference 4. Figure 11 shows that the theo-
retical form-drag coefficient at zero cavitation
number for a given diameter-length ratio is about
twice as high for a cone as for a paraboloid.

The total drag on paraboloids of revolution
operating at zero cavitation number may  be
obtained by using the results presented in figure 3
and adding the skin friction as caleulated from
flat-plate theory.

PRESSURES

The measured surface pressures obtained during
the investigation are plotted and compared in
figure 12 with the theoretical pressure distribution
given by equation (14).  The agreement between
experiment and theory is very good for both

models.

CONCLUSIONS

Foree tests were made on two parabolic bodies
having fineness ratios of 1.0 and 3.33 and the
rosults were compared with theoretical results.
The investigation may be summarized with the
following conclusions:

1. The approximate theoretical expressions de-
vived for the pressure distribution and form drag
on paraboloids operating at zero cavitation number
and zero angle of yaw are in excellent agreement
with the experimental data obtained.

9 The theoretical form-drag coefficient  of
paraboloids operating at zero eavitation number is
about one-half the form=drag cocfficient of cones
having the same fineness ratio.

LaxcLey Resesrcn CENTER,
NATIONAL ABRONAUTICS AND SPACE ADMINISTRATION,

LascLey Frenp, Va., July 28, 1960,



DRAG COEFFICIENT OF PARABOLIC BODIES OF REVOLUTION AT ZERO CAVITATION NUMBER 17
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Fraure 12, - Comparison of theoretical and experimental pressure distributions.
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